Objective: In this study, we aimed to retrospectively investigate the frequency of healthcare-associated infections, infection sites, culture proven microorganisms and antibiotic resistance properties registered in the surveillance system, in our Pediatric Intensive Care Unit over the past five years.
Introduction
Healthcare-associated infection means the infections that do not exist or is not in the incubation period in the patient when being admitted to the hospital or to another health care institution but have occurred during the care of the patient (1) . Instead of hospital-acquired infections, or in other words, nosocomial infections, the term "healthcare-associated infection" is being used today (2) . The healthcare-associated infection is the most serious and unexpected effect seeing during patient care and no institutions, clinic or country has been able to solve this problem completely (1) . Healthcare-associated infection is to be a significant cause of morbidity and mortality worldwide and in Turkey. Besides morbidity and mortality, it prolongs the duration of inpatient days, increases antibiotic use, and increases the risk of development of multi-antibiotic resistance of pathogens and healthcare costs.
Healthcare-associated infections are observed at a higher rate in intensive care units compared to other healthcare units. This high rate may be explained by more medical instrument use in intensive care units, longer inpatient times, and more invasive interventions. It has been reported that in developed countries the healthcare-associated infection rates in pediatric intensive care are lower than those for adult patients (3, 4) . In a multi-center study in Europe, it is reported that the healthcare-associated infection incidence in general pediatric units is 1% while it is 23.6% in pediatric intensive care (4) . The studies conducted in Turkey, in pediatric intensive care units are limited and the healthcare-associated infection rates vary between 9.1% and 42.5% (5-10).
Among healthcare-associated infections, except for the intensive care units, the most frequent ones are the urinary system infections, followed by nosocomial pneumonias (2) . In the intensive care units, nosocomial pneumonias and ventilator-associated pneumonias are the most frequent ones (2) . Bloodstream infections, central venous catheter-associated bloodstream infections and surgical infections are also problematic in the intensive care units; number of cases increase day by day especially as invasive interventions and the use of central venous catheters increase (2).
The causative agents of healthcare-associated infections in intensive care units and their resistances to antibiotics vary in time and by units. However, there is a general increase in the number of infections caused by multi-resistant gram-negative microorganisms; resistant Enterococcus and Staphylococcus species have started to be serious clinical problems (11) . Throughout the world, more than 80 antibiotics have been introduced in the last 80 years, and in the last 30 years, there has been a decrease of 90% in the number antibiotics approved by the American Food and Drug Administration (FDA) (12) . The rate of developing resistance to antibiotics is higher than the rate of developing new antibiotics. Current, the efforts to discover new antibiotics frequently fail due to serious resistance rates (12) . It seems as if complete prevention of resistance development to antibiotics is impossible however, we can slow down resistance development (13, 14) .
In this study, we aimed to retrospectively investigate the frequency of healthcare-associated infections, infection sites, culture proven microorganisms and antibiotic resistance properties registered in the surveillance system, in our Pediatric Intensive Care Unit over the past five years.
Materials and Methods
In the present study, the data of healthcare-associated infections detected in patients in our high level, 12-bed Pediatric Intensive Care Unit containing bedside echocardiography, plasmapheresis, hemodiafiltration, 10 mechanical ventilators in the Adana Numune Training and Research Hospital, which are all third-level, were collected from January 1, 2012 to December 31, 2016 retrospectively. The healthcare-associated infection diagnosis and definitions have been assessed according to the "Centers for Disease Control and Prevention (CDC)" criteria (2, 15, 16) . The healthcare-associated infection were classified as "surgery site infections", "bloodstream infections", "urinary system infections", "ventilator-associated infections" and "catheter-associated bloodstream infections".
Definitions
Number of inpatient days is the total number of days of hospitalization (1,2,17). 
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Ventilator days is used to express the total number of days that a patient gets ventilator support (17) .
Ventilator usage rate was calculated according to ventilator days/inpatient days (17) .
Infection rate was calculated according to the number of infections/number of inpatients x 100 (17).
Infection density was calculated according to the number of infections/inpatient days x1000 (17) .
Ethical Approval
The approval for this study was given by the "Non-Interventional Clinical Research Ethical Board of the Cukurova University".
Statistical Analyses
Statistical analyses were carried out using the Statistical Package for Social Sciences" version 20 (IBM Corp., Armonk, NY, USA) software. The descriptive statistics of the parametric numerical values in the study group were calculated as average ± standard deviation and the non-parametric ones are calculated as median (interquartile range-IQR) and the categorical data are given as percentage (%).
Findings
The number of patients hospitalized in the Pediatric Intensive Care Unit between 01.01.2012 and 31.12.2016 was 2545. Of these, 2220 (87.3%) were Turkish citizens and 323 (12.7%) were individuals temporarily under protection in Turkey. In the data for the last one year (2016) the proportion of the individuals temporarily under protection in Turkey was 25.8%. The average age of the patients was 3 (min: 2 months, maximum: 18 years old, IQR: 11). The number of inpatient days was 20.696. Ventilator days were 12.587 and ventilator usage rate was 0.60. The total number of patients with healthcare-associated infection was 60, infection rate was 2.36 and infection density was calculated as 2.89.
Surgical site infection developed only in one patient, who was being monitored in the Pediatric Intensive Care Unit after tracheostomy. Since the surgical site infection developed only in one patient, based on the data for the year it occurred (2016), the infection rate was 0.27 and the density was 0.22. bloodstream infection, as proven by laboratory, developed in 15 patients; the infection rate was 0.59 and the infection density was 0.72. Apart from the patients with bloodstream infection, as proven by laboratory, catheter-associated bloodstream infection was observed in seven cases; the infection rate was 0.27 and the infection density was 0.33. In nine cases, urinary system infection was detected; the infection rate was 0.35 and the infection density was 0.43. Ventilator-associated pneumonia was observed in 30 patients; the infection rate was 1.18 and the infection density was 1.44.
In healthcare-associated microorganisms grown in culture we as follows: Pseudomonas aeruginosa in 17 (28%) cases, Acinetobacter baumannii in 14 (%23) cases, Klebsiella pneumoniae in 9 (15%) cases, Serratia marcescens in 5 (8%) cases, Escherichia coli in 4 (7%) cases, Candida albicans in 4 (7%) cases, coagulase-negative staphylococcus (CNS) in two cases, Candida parapsilosis in two cases, Enterococcus faecalis in one case, Proteus mirabilis in one case and Stenotrophomonas maltophilia in one case (Figure 1 ). The bloodstream infection agents, as proven by laboratory, were K. pneumoniae in 4 cases, S. marcescens in 3 cases, A. baumannii in 3 cases, C. parapsilosis in two cases, and one case in each of C. albicans, P. aeruginosa and CNS. The agents for catheter-associated bloodstream infection were A. baumannii in 4 cases, P. aeruginosa in one case, CNS in one case and E. coli in one case. In ventilator-associated pneumonia agents, the most frequent one was P. aeruginosa (50%, 15/30), followed by A. baumannii (40%, 12/30) ( Figure  2 ). The agents that caused urinary system infections were C. albicans in two cases, P. aeruginosa in one case, K. pneumonia in one case, E. coli in one case, and S. marcescens in one case.
In healthcare-associated infections, in general, 93% of the A. baumannii strains is resistant to carbapenem, but there was no colistin resistance. 55.6% of the K. pneumoniae strains is resistant to carbapenem; this proportion was 65% in P. aeruginosa and 56% in K. pneumoniae (Table 1 ). Resistance to colistin was not detected among microorganisms grown in culture in healthcare-associated infections.
In the Pediatric Intensive Care Unit a total of 230 patients were died within five years, the mortality rate being 9%. 
Discussion
Despite early diagnosis of infections, improvement in hospital conditions and the advances in supporting treatments, healthcare-associated infections are continuing to cause an important mortality and morbidity risk. Healthcare-associated infections also increase care costs.
The microbiological agents responsible for healthcare-associated infections vary from one region to another, even from one unit to another (18) . The resistance properties of microbiological agents also vary in time (14) . In developed countries, there are numerous studies concerning healthcare-associated infections in pediatric intensive care units, however, such studies in Turkey are relatively limited. In previous years, Staphylococcus aureus was the most frequent; however, today, the most frequently encountered agents of healthcare-associated infections in both children and in adult patients are Pseudomonas, Klebsiella and Acinetobacter species as well as the CNS strains (10, 19, 20) . In the present study, gram-negative agents appeared to be more frequent than the Staphylococcus strains and were compatible with the literature (Figure 1) .
Bloodstream infections are one of the main subtypes of healthcare-associated infections both worldwide and in Turkey (7, 16) . In a multi-centered point prevalence study conducted in Turkey, in 322 cases, laboratory proven bloodstream infection was detected in 24 (7.3%) (21) .
In a Europe-centered, multinational study, among 710 cases hospitalized in intensive care units within 6 months, it was reported that bloodstream infection was not associated with central catheter in 13 (1.9%) patients and was associated with central catheter in 21 (2.9%). In the same study (including all pediatric cases), the most frequent bloodstream infection agents were detected to be CNS, Klebsiella spp., S. aureus, P. aeruginosa (4) . In our cases the bloodstream infection agents were as follows: K. pneumoniae in 4 cases, S. marcescens in 3 cases, A. baumannii in 3 cases, C. parapsilosis in two cases, and in one case for each of C. albicans, P. aeruginosa and CNS. Although in some studies, Candida spp. are reported to be the main agent for healthcare-associated infection in children, no Candida spp. Growth was observed in the bloodstream infections in our clinic (22) .
Currently, infection rates have increased as the use of central venous catheters increased, however, with the precautions taken in time, infection rates have decreased. Examining the the course of catheter-associated bloodstream infection in time in various pediatric intensive care units, it is observed that the rate of catheter-associated bloodstream infections was on the average 5.8 ± 2.94% (4.5-7.11) in 2006; however, it has decreased to 1.4 ± 1.16% (1.16-1.64) in 2011-2012 (23). In our unit, the catheter-associated bloodstream infection was at a low rate, namely 0.27%. It was believed that this low rate could be the result of conducting the operation of placing the central catheter under absolute supervision of the expert physician, complying with the guidelines published concerning catheter-associated bloodstream infection, placing the central catheters in our unit under ultrasonography and having short central catheter times (24, 25) .
The urinary tract infection associated with catheter/cannula is one of the most frequent causes of healthcare-associated infections (26) . In a study conducted in a pediatric intensive care unit in Turkey, it was reported that the most frequent healthcare-associated infection was the urinary tract infection (3) . The studies conducted show that the most frequent infection agent associated with unrinary catheterization is E. coli, followed by Klebsiella spp., Enterococcus spp., P. mirabilis, P. aeruginosa, Candida spp. as main agents (26) . In the present study, there was C. albicans in 2 cases and one case for each of E. coli, K. pneumoniae, S. marcescens and P. aeruginosa growth, which is similar to literature data. In a prevalence study conducted in European countries, urinary system infection was detected in 1.3% of the patients; our data was lower than the data of this study (0.81%) (27) . In the present study, it was believed that the low level rates detected in urinary tract infections was the result of the practice that urine cannula placing times are kept short, taking them of as soon as the urinary catheterization requirement finishes. In studies conducted in pediatric intensive care units, ventilator-associated pneumonia rate varied between 5-13.1%, whereas in our study the number of patients with ventilator-associated pneumonia was 30 (1.18%) (21) .
Starting with the 90s, the increase in infections caused by multi-resistant gram-negative microorganisms has been a serious clinical problem worldwide (11) . Multi-resistant gram-negative bacteria are serious mortality and morbidity causes in Turkey too and similarly, in the present study, multi-resistant gram-negative bacteria stand out ( Table 1) . The Acinetobacter species, which are widespread and important healthcare-associated agents worldwide, are detected at a high rate, namely 23% in the present study too. The point that catches the eye in the present study is that these Acinetobacter species are carbapenem resistant at a high rate, namely 93%. The species P. aeruginosa, which is the most frequent agent (28%), had 65% carbapenem resistance while another important agent, K. pneumonia, 56% carbapenem resistance. In the present study, no resistance to colistine, which had been disfavored due to its nephrotoxic side effects for some period but had been used again in recent years against carbapenem resistant microorganisms such as P. aeruginosa, A. baumannii and K. pneumoniae, was detected (28) .
The main restriction of the present study was that it was retrospective. Other restrictions were inadequate contents of files, the incomplete data in surveillance recordings, which were detected during the study, and not being able to compare crude mortality rates with healthcare-associated mortality rates. In the present study, in general, the healthcare-associated rates are observed to be low. Especially, the ventilator-associated pneumonia rates are lower than the expected. Even though general infection and ventilator-associated pneumonia preventing measures in our pediatric intensive care unit are being implemented, the number of cases are still lower and this low rate is considered to originate from incomplete file contents and recordings, which is the most important restriction of the present study.
Conclusion
The number of pediatric intensive care units are increasing day by day although can not catch up the ideal number. Pediatric intensive care units are different from adult intensive care units in many respects. Intensive care units are the units where antibiotic use is the highest worldwide and in Turkey and the use of antibiotics is increasing day by day in pediatric intensive care units too. Awareness on healthcare-associated infections must be raised by regional and multi-center up-to-date studies concerning pediatric intensive care units. Especially, preparation of local and national treatment guides concerning multi-resistant gram-negative microorganisms, which narrow our treatment options, must be brought on the agenda. Considering that new generations of antibiotics are not expected to be used in the coming years, fighting with infections, especially with healthcare-associated infections, is very important.
